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Abstixict—Tiiis paper presents a new circuit scheme called a 
transient sensitive accelerator (TSA) circuit for highly resistive 
interconnects. The TSA can reduce both delay time and crosstalk 
voltage. Using the TSA with an mterconnect length of 30 nun 
reduces delay time and crosstalk voltage by 29% and 20%, 
respectively. A farther advantage is that the TSA operates in 
self-thne and thus can be applied to bidirectional signal commu- 



I. Introduction 

UNTIL recently, gate delay was a major factor determining 
the overall delay on a chip, and interconnect delay was 
a minor factor. However, because of the decrease in the 
minimum feature size, global interconnect delay is becoming 
mor^ important and gate delay is losing importance [1]. In 
addition to delay, reducing the feature size causes another 
serious problem, i.e., crosstalk. As interconnect minimum 
spacing and width continues to decrease, the aspect ratio of 
the interconnect wires must be increased to keep the wire 
resistance low. This, in turn, leads to an increase in the 
parasitic capacitance between interconnects. These problems 
may eventually make interconnect performance a limiting 
factor in overall large scale integration (LSI) performance. 

Fig. 1 shows a projection of the cycle time of an LSI, and 
the nuihber of gates on the chip when the minimum feature 
size decreases. We assume there are three interconnect layers, 
and that the die size is 30 mm by 30 mm at each feature size. 
The reason the cycle time increases even though the minimum 
feature size continues to decrease is because the glojbal wire 
delay is becoming a limiting factor in thie overall delay. As 
is clear from the figure, global interconnect delay represents a 
doniinant factor in 0.15-^ technology. 

Various methods of reducing interconnect degradation have 
been investigated. These include replacing the aluminum used 
in interconnects with less resistive metals such as copper and 
using substances with a lower dielectric constant as interleyel 
dielectric materials. It has been found that inserting repeaters 
is an effective way of reducing the delay time. This method, 
however, cannot be applied to bidirectional signal, lines, since 
it requires a separate control signal. 
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Fig. 1. Projection of cycle time and gate count. 

We assume a circuit model with an interconnect linking 
the circuit driver and receiver. The driver resistance Rd* 
the resistance and capacitance of the interponnect, i^t and 
Cint, and receiver capacitance Cr are the key points in 
this driving scheme model. When ilint is negligibly small, 
enhancing the current drive capability by enlarging the drive 
size effectively reduces the overall delay. However, if R\nt 
beconies comparable to or'larger than the Rd, ehlaigiiig the 
• driver size is no longer effective. Thus, to reduce the delay, 
we have to focus on the receiver or interconnect, rather than 
on the driver. 

As a means of reducing delay time, we hiave developed 
a new receiver circuit which we call the transient sensitive 
trigger (TST) circuit. We have also developed another circuit, 
transient sensitive accelerator (TSA) circuit, which can reduce 
both delay and crosstalk. Hie former is used as a subcircuit in 
the latter. Delay time and crosstalk voltage are reduced by 29% 
and 20%i respectively, with the newly-developed TSA circuit. 

II. Transient SENsmvE Trigger (TST) Cmcurr 

A. Operation 

To replace the conventional inverter which is normally 
used as a receiver, we developed the TST circuit shown in 
Fig. 2(a). The advantage of the TST circuit is that it can reduce 
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Fig; 2. Tiransietnt sensitive.trigger Cr5T) circuit (a) circuit qoDfiguratioti; and 
(i>) signal detection. . . . 

d^lay ■ time, whereas : a. cpnyenripiial inverter cannot Unlike , a 
conventional inverter, this circuit changes its logical threshold 
yoltage according to the direction of the input signal transition, 
as illustrated in Fig.: 2(b). By decfeasing. the size of transistors 
JVl and PI, and incte^siii^^ of traiis^lors W 

the iogical threshold . volt^p Cfin Jbc. set at bpt^yeen 0 and 1.25 
y during the input rise interval, and between 1.25 and 2.5 
y diimg the input fall in teYvaJ.^^^^TO results in ifajst detection 
of the signal v.oltag^ transition.; Here, We. asstime the. supply 
voltage is 2.5 V. Fig. 3(a) shows the simulated yolta|iB . transfer 
characteristics of TST, As ;the graph indicateis, this: circuit has 
hysteresis. When the input voltage goes from low toi high, 
logical threshold voltage remains low; when the input voltage 
goes from high to low, the logical threshold ybl^ge stays high. 
\ Vig. 3(!b) 3^ (c). sho\ys ,]ipw the TST transistoifs work at 
the input rise; interv^. aiid\t}ib irijiut fall .ijat^^ 
Transistors drawn in boldface linek^repfesent' ac^ devices. 
Whigh the ii^ut potential increases, ^trsmsistOTS ' N^dtrwere tobt^^ 



■Rg. 3. , dperjutipn of TSTl, v(a)V?imiii'?^ 
"input rise mterval, ahj-(c)' ifipyt f&l'^^^^ ■:'" *' -!'*'''|V;;: •'--'[^''}-^-'^-^-\^^ 



iV2 form a pseudo*^ihvfert^r:;>In::]Fig^ 

Nl and ^'2^t tQge^e|^?Kire2^ 
;NMbiJ.tr2yi^tbfr^iy' 

mz. circuit lo ' decr^^l^'dc^grf -R^^ 

of a-Schmitt-triggei^rcir^ 
' bf^the: transition; cii^it^^^^ 

th'e circuit^ changes |fe ci&,lx6l'sigial'/Wh^n^ 

changes, transistor ^^srSitii^ 
'''\i4iile'-tiransf " ' ^^'^^^■'^^ ^'^^''i^*^^'^^''^^-'^'^^'^^ 

input fails, 

pseuidp^riVetfer, J 
• large^^iill^t^p?^^ 

increases^- ■ . . j^:"!/ f ^ 11^ ■'■ ) fei>:i^ 



B, SPICE Simulation ' '' . '^ j ' , >"s .' > t; ^ .^ f-t^:; . 
/Fig. 4. shows. 
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Fig. 4. Simulated interconnect wayefonns. 



a 0.25-^m CMOS and pitch interconnect technology. 
These waveforms are computer-simulated for distributed RC 
lines with ab interconnect resistance of 90 .fi/mm and an 
interconnect capacitance of 0.184 pF/mm. The top half shows 
the waveforms at the input, near-end, and far-end of the driver, 
the lower halif shows the output waveforms of two receivers, 
i.e., a conventional inverter and the TST. We assume the 
same voltage is applied to each one. In thie upper half of ttie 
figure, the. waveform at the fax-end has a long iise tiine .duei 
to the large RC delay of the interconnect. Tliis me^s that the 
voltage transition speed at the far-end cannot be improved 
by enhancing the current drive capability of the driver, as 
mentioned previously. When a conventional inverter is used 
ais a receiver, it does hot react until the far-end voltage crosses 
the center line of the supply voltage Vfeo. If the proposed 
TST receiver is placed at the far-end of the wire, it reduces 
die delay time by 0.79 ns, or 30%. compared to that of a 
conventional inverter. 

The TST is much faster than a conventional inverter. On the 
other hand, its noise margin is much smaller. This means that 
in a noisy environment, the TST may not function properly. 
If we waiit to reduce delay and increase the noise margin 
simultaneously, another appi-oach must be taken. That is, in 
addition to replacing the receiver, the wire voltage must also 
be inanipulatied during the sigiial transition period. 

m. Transient SENsmvE Accelerator (TSA) Cmcurr 
A. Concept 

As mentioned in the first section, both the delay time 
and crosstalk voltage should be addressed in the event of 
a highly resistive interconnect. Ais a means of doing so, 
we developed , a hew circuit, which we csdl the transient 
sensitive accelerator (TSA) circuit. Fig. 5(a) explains the basic 
concept of the TSA. In this figure, an interconnect is modeled 
by disuibuted RC circuits. The TSA is connected to the 
interconnect at some point It receives data from this point 



and, after some processing, returns some information to the 
same point. Fig. 5(b) shows the timing diagram of the TSA 
operation, the interconnect voltage is assumed to have a 
long rise and fall time stemming from die large RC constant 
As described before, the TST senses the transition of the 
interconnect voltage at an early stage while the Schmitt-trigger 
detects the change at the end of the transition. This timing 
^ difference in the sensing can be utilized as an acceleration 
period if we design a circuit that turns on during the interval, 
this would cause the voltage level of the wire to rise to the 
final value more rapidly during the transition period. In the 
same way, a circuit that maintains the interconnect voltage 
during a steady state can be designed. Since the main purpose 
of this circuit is to prevent the TST from reacting to a small 
voltage fluctuation, it slightly delays the signal detection of 
the TST. 

B. Implementation 

Fig. 6 shows the implementation of the ideas described 
above. The overall driving configuration is composed of two 
drivers, an interconnect, two receivers, and the newly proposed 
TSA. It is assumed that a long interconnect such as a biis line 
is /iised for. the bidirectional signal. Hie TSA consists pjf a . 
TST, clanip transistors, and acceleration transistors. Crosstalk 
voltage is usually minimized at the near-end, where the voltage 
is strongly influenced by the driver; however, it is maxiniized 
at die far-end, where influence from the driver is weak. 
Considering that the . signal travels in both directions on the 
interconnect, it seems appropriate to place the TSA at the 
midpoint on the wire. 

C. Operation of TSA 

Fig. 7 illustrates the operation of the TSA. Actually, the 

Schmitt-trigger and inverter shown in the figure are not neces- 
sary because bodi are included in the TST, as previously shown 
in Fig. 2. HoweVeri we include them in Fig. 7 to facilitate un- 
derstanding of the operation. In a steady state, die interconnect 
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Fig. 9.. Delay reduction by TSA. 
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Fig. 10. Delay improvemeot 

interconnect length exceeds 10 mm. This means that the 
breaking point of this circuit in t^ins of delay is 10 mm. 

£ Crosstalk Reduction with TSA 

Fig. 11 shows the reduction in crosstalk voltage achieved by 
using the TSA. In general, crosstalk voltage implies parasitic 
capacitance intention between neighboring interconnects. In 
this case, the crosstalk voltage is the simulated value und|er the . 
voltage conditions where the voltages of the two interconnects 
and the upper interconnect change simultaneously. The origin 
of the horizontal axis is assumed to be at the near-end of the 
wire and the 30-mrti position is at the far-end of the wire. 
By placing the TSA at the midpoint, crosstalk voltage at the 
far-end is reduced from 0.61 to 0.49 V-^ 20% reduction. 



once this is reached, the midpoint voltage quickly goes to 
the Vdj), Note that this simulation was conducted under the 
worst voltage conditions. The time required could be reduced 
if neighboring wires were to swing on the same side of the 
center wire. 

Fig. 10 shows the delay reduction achieved with the new 
circuit. As the graph indicates, the TSA reduces delay when 



IV. CONCLUSION 

We have proposed a new circuit, the Transient Sensitive 
Accelerator (TSA) circuit, , which can be used for highly 
resistive interconnects. Using this circuit on a 30-mm wire 
reduces die delay time by 29% and the crosstalk voltage by 
20%. The circuit also operates in self-time and dius can be 
applied to bidirectional signal conunimication. 
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